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(54) i!isaai?ffl«w*i«?s#ffl«tf©ii»*^ 



(57) im] 



E0S30/(l+0.018a) • • • CD 
6. 



(2) fiWrttc»ASitfe^-cfWf *ix*«np"Cft o B)±ie(i) * fctt (2) ^xmif sr«ra-r & ^hiris 



!(2) 002-349 1 77 ( P 2 0 0 2 - 3 4 9 1 7 7 A) 



ftioT. fc^mmmmo (%) tfTmcoaxm 
■ <z> 

^X'h -> X . flKBfll W**»10%m"PP* 5 Z k £ iff ffi k 

i 3 ] mm\ nmx\ c : o. 1-0. 45%. si = 

0.1-1.5%. Mn : 0.1-3%. P : 0.03%WT. S : 0.01ZKI 
T. sol.Al : 0.05%OT. N : O.OIZ&T. Ca : 0-0.005 

%. W^e«J:t^RWII^4>*4lire»*II««l 

[19*54 ] BMP**, KMT. C : 0. 1-0. 45%, Si : 
0.1-1.5%. Mn : 0.1-3%. P : 0.03%WT. S : 0.01%& 
T. sol.Al : 0.05%OT. N : 0.01%WT. Ca : 0-0.005 
%. &f>tffcCr : 0.2-1.5%. Mo : 0.1-0.8%fc e klA' : 
O.0O5-O.2%^-5 ib^mttzitmULt. ISMtfFebX 

[USE 5 ] FeO-g&fcfUT. ItJKT. Ti : 0.005 
-O.05%fcJ;lM> : 0.005-0. tt«9— 

Jt«HP^jfeJaa5<0«iT* $ CUM L*t#£SK I . 8 

T J: m< LfcJS#fc«RUT £ k £*i 0 & L 
T. fe«-tSffl«fkLTW*)Sl*^5*fOV^ii*» 

*xiw*jfl^* ; t znwLkt&mxmmcomm 
m. 

[00 0 1] 

#F (WT. £ft4>£imLT*ti*#k^3) ftlcfl 
[0002] 

ifexmrn mmztmfrmTvmiX'M.m 
Tzmmix x <om^m#k lx . ataRU:*-^ 

V^fi&3BLT«fc&*-5'^:iWiR3*U. £<0± 



E0£30/(l+0.018a) • • • ® 

fc*5U attTIE<oa3JrCJKilS#i.4a**(J!)"r* 

«. 

: «rtg)/8«i&tf>*<ortg] xioo- • 
[0003] mm. m&mmnwmmmm 

6fcftWBST*ft. flS#. «I#««:»IWiKtt. Hi 

»v ve*- s^y runmmmrmzm x-mwi l 

^lc ldfctllfcU fWMca^^tatilMW (f-a 

[0004] z<r>m^. m*ifx*w?ym , %2<r>m i 
t>tix \^h<ox\ mmmz izttm ixmzcom 
h^mm^^-i'Vftf-mi.ztsih. **u±. fozms. 
$ tvn > t ats $ n & H'&wr<o v y 

L fc*- v y m*jg t i^taa-t s^-yy 

[ 0 0 0 5 ] »#*>BB«*ffi»*4fc*>fc, » 

fiff^ffij^iSKSfL-rv^ («p*¥7-50761O^«) . 
W098/00626-^ll^W#lC«i. *y*>?*?M 

wmzmz?zk%<mm:&&?b^&&<Mmi>>> 
t>%&m&. 9bizm.mtitzy-^ymizwxi. 

[0006] 02{i. 8»CiSSR#i££iMW-*;fc 

i). ^x'imi^znxttzxMAi. Mtiim&n 
rm^(ommzx Y )±w^L^xmth . iof^t 

(^-jL-h'y^) 2* { ili§$^&. 

[0007] H3Ji. te^SlcJ: 0f-a-b>^3i»a» 

ZZklzl;*). WMZOktiolZ, msn±w)7y 

yxzmmiz'hz < -rizktfx-z mx-mamm* 
'j>-%<tz> zktfx-z . mmz*.i&izimx'Z a . 

[0 0 08] L^L. ±IB«8»ffifc{iTiEWJ:a^|Sl 
MV tft** 0 t h Z k X'h £ . 



i 
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[0009] m^zitmmnmT^mmz^ti . 
^f-a - tvm o t s t ®±om£&x' 

[00 10] ±IE^a**>^, ffilSfcW&fc^frL^ 

o <^h$ »- *n?aqB$3 ft* . 

[00 11] 

wmtvEmae. <co> & 1 1 uc a & , o.wxt t zzx 



[0012] *5MH<of52<oaW{i, fii#tc#A3itfc 

[0013] *»fl^)J|S30SW{is JJE0>«Hr£JflV* 
[00 14] 

[i*H**8rt-Sfctf>tf>¥8] ^M^fi, 
IS IX ffiff t £*#£tffii 5M&W£"F*-* HBB J: ft 

[oo 15] a) mmmim^HMi-it. mm* 
[ o o i 6 ] b> mmm$\mEomwmm& 

[0 0 17] E0^30/(l+0.018«) • • • © 
til. 



tlzfoZ. 

«= [ (a^o«ortg-a?^<o«<oi*jg)/a»irio«oi*js] xioo ■ • 
• <z> 

mm^mcommma) T-TfE^o-ettas ti&. i o o 1 8 ] 

eo = [ (mm^co&±m-mmco i g(7)m^m)/i&mm(o f §cr, 

T *5l*]J¥] xioo ■ • ■ ® 

<rJS. ttttt0flll**El (» tt, TIE^5Sl©Tlt»S<l [0019] 



El = [ (te^f&of^AfiJS-; 

*Jf«JJI] XIOO • • • © 
c) ffitf baxZfrot. 7t^^&lX^tz f ScommzX 

■riia*. fcoftj^tf^-f hmmx'hh. z\<nw§iz 

[0020] #$MJ!«. ±IEO»jit»oVT&$ii*: 

<3)<3^<3«R#8jfc&*. 
[ 0 0 2 1 ] (1) fiSWt#AS*lfc«0i-C»ff3fL* 
SWC^T, j£«fro«(S]*E0 (X) m&D(3)3i£ 

mtztztzmttzm. 

E0S30/(H-0.018a) • • • © 
[ 0 0 2 2 ] (2) ta;#rticif A£ftfc#SRT«lr 
[0023] JJE<l)4fcM:(2)<0«HBi, TIE (a) . (b) 



r. ®.ft%^mzmth%\mm.%x'hi. 

[0 0 24] (a) C: 0.1-0.45%, Si : 0.1M.SSL Mn : 
0.1-3%. P : 0.03%OT. S : 0.01%OT. sol.Al : 0.05% 
felT. N : O.OimT. Ca : 0-0.005%. HSjfiffetiitf 

[002 5] (b) 0:0.1-0.45%, Si : 0.1-1.5%. Mn : 
0.1-3%, P : 0.03%&T\ S : 0.01%JMT. sol.Al : 0.05% 
1TF. N : 0.01%tlT. Ca : 0-0.005%. ^r^t/tCCr : 0. 
2-1.5%, Mo : 0.1-0.8%fc<ttA"V : 0.005-0. 2%<9 0 *>C5 

*. 

[0026] (c) Fe^-SHC'fti.-C. Ti : 0.005-0.05% 
&S.m\> : 0.005-0. l»0-^r*7t{4M*S:*#tS± 
IE(a)4/c{±(b)^il*f. 

[0 0 27] (3) JffiiJLfctfi#rtK*tf**RU ffllS 
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l^T. SMPti«PMPi:UT. ±E(l)*fcli(2)«)«rar* 

[00 28] 1 . ffiftMafcflfiTKiil: 
0711. M*l¥£3iB|«-*fc*>tf>H-C\ 07O(am«W 



£22.5J&0|gprt"163?#L, 4HMt:fc<t4flf<OWWS: 

ft. TTEWsJ®fcJ:oT*lW(» *»«■*. 
[0029] 



coifnrtov^rsofcio-c^ftfcffiff^-cfts. 07 

<9(a) fcScf J: o K . 1 *O^O«ffi^^:frf6]£500 
■>HHT10*BfrO«Kffi(co v JJEOflM* £ *ft - 

[0030] UBOaJKDtt, JaTtaSf-SWKJ: D*ft 

[003 1 ] flUTC, C : 0.24%. Si : 0.31%. Mn : 1.35 
%. P : O.OimTF. S : 0.003%. sol.Al : 0.035%OT. 
N : 0.006%£-tr#L. m&ffletsZlPFtifafrte&tt. 
^ffififcSr^U ft@139.7niu [*]JH0.5nuiu £$10«Z)J8 

summ (APi-L8o^i/-Fffli H n p) zm^xmim 

[0032] ««i^t«*Kll»CJ:47-5^l*Jk*fc: 
J: 9 Stfff U: . fc^mm^M%cr>fcxmz LT 10% . 
20%i3 J;t/'30%cO3a fc Ltz . 

[0033] m^J:mt:^^ (us 
T) fcJtoT*^«Jf4HtiMI£U H£LfcW*&»& 

C0=2oy [ {(D/t)-l) } /(D/t)2 ] 
^tttfyiiffaJiMttftaiK : MPa) . Wife 

*8W>«<0ftg (M : mm) , U48?S»0yg*>|S|ff 
X. SS30^. 11338^(1989) . SB85~390JJ{cR!BSft. 
[0037] EbfrWftbfrlcX 0 ffiOTWlOJSfc 

j; V2o%^«^. f£ft« ^rtwaoxeLhfc* * 

[0038] ±tBft<J: -5 fcE8HM&6*fiTf iSifcli. 
JSEtJ: 9*§< <^o3tOIW***25-30%*iBiSt . 

ftj £0.80J2Ltfc:«ofct±, te« : mcoii^*^30%OT 
[0039] mint ts 0 , SJtfftco* <o«fl*EiiiS 

©T'iWI>C:i:#T'2<l>. ft-?T. -IOE1 £30%lil 



KtateUfc. ffi«5$« (psi) « s APia«<oRP37tm 

[0034] 05(4. tf^afffflffc JMHfcOllft* 

fc* 0 , *OJtWffiRtttJa»fc «t T#Sr 4 £ t 
4*4. #MPfcfcftl>El£:E0OTO (05+ftHII) 
fc— ooSTlWi: . Tf2ftS© t &6 . 
[0 03 5] El = (1+0.018«) EO • • • © 

urn. mtwsmcD'gmfama), mmfm&& 

m^mtgrnmiimmz^mtz z t 

[0036] mMziMiommzi ^xnhtitz rmm 
mm&/imx*Mzmmk<n\m<n%\^<vmmk 

MftiwmtonZWnEWSSUK. (CO) tti. &ft5£® 

[1+ {1.47/(D/t)-l> ] ■ • • @ 

[0040] El= (1+0. 018a) E0=S30 •••® 

[004 1 ] E0^30/ (l + 0.018a) 
H6*»/J>BB4>A»*J:?fc:, Eicofifi/h^v^Jt'S* L 
V\ 8S-jT, EW4. TIEO^(D-l^)l/c-ro*W^L 
< . Tie«0^®-22rSS^t^§ Lv^. 

E0^25/ (1+0. 018a ) • • ffi-1 
EO^IO/ (1+0. 018a ) • • • CD-2 
2. miZ£&m<?)W)<7M± 

«%xmx'$mzti&i><7)X'i>&t:it>. ttiwwxm 
x-m* commit ms^wizm^tnoiz. 3 
w&mwmm ( l^nratvo ) cw-icttuomwn 
comrn ( 2 %flin t ^ 0 ) . i2os^coiiis) ( 3 »:fii*i 

mm. TEW&vmx-^mzi&tzk.tfX'* 1 . 

[0042] 08^(a)(C^-T J: 0 STffOHIgOBr 
ffiff^(4±ieftS« 0«l*)* { a^r -> T t Of* 4 . IP 
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I*] £ £ l&hittz h <F>X'h h . iot. MilikdWM 
T, •f-^^T'D 7 7 4 /^TIE^ittSHCftoT 7- 'J 

IC& f 1 6 IbfclM k KflR jftHzft ft * *>WW <OH 
[0043] 

[»i ] 

=^r|>T(0-co S (2^/7V-A:-(/-l))} 
= "TT 5^(0 -sin(2^/^-* .(j-l))} 



£ z T Wif »iB«o W JWfflJ&SR . wr ( i ) u»g $ titz ft 

W7U7 4-)VX\ i = l,2. • • ■ ,N "Chi. 

coo44] tmomtmi ] t-ikhjw- & x oiz.m 

4*mo/ww*) xioo • • ■ do) 



aatlWIfcWfgW:. **>IS», 09. lOfcitfllfc: 

aUr*# flit <OBIfli£jS I/O**. 01OfcHll*»4» 
Wfe*>=0rJ:3tc. •WHTC^aptt LOtf:fiil*]<7)4>T'i 
2 <WjLt<o«Wlia?f i 4 m§totbffi 0 fc&ertWI 

[0045] mmmft ( i a, *s«o8i 
nxmhiryrmmmfrco&bfrwz-FtitzQ. 

Wt<V%XhixxmiW'{rbtitzt%$Lt&. EP*>. if© 

fliwtt. mn&twn®tf*K?K?Mwmx'ft&t 
h£o%mfaX'hz>. ffiot, ii®ffli*]$ (%) irm 
&ao)X'%.mx'Z&. 

[0046] 



r i/ffl$¥& j < & h . BU*> , 0 *** § < 

m*b Lxmt&®£. ^mcommzm 

mhtzMz ri/ft^lj (iO.0O015«TT-$>Sii: 
j^fiSI-C&O. 0.0001OT*W*U<, 0.00005WT* 5 

kU-Cttffltt Sit 

[ 0 0 4 7 ] JJLt. *WS*>iHRc-wr, ffl^*i:ffl 

tb^iil. «&®fcte@8^(b)l;:^-&ffi|*i 
<7)ffll*]$T*J>&. lot, <ii*i** { fria^(D$:>f?ti- 
ctt, asffift wo%irFT'*> & i t w^a*- 

tf, teffSKOWStt, ffif*Wa<, Lfriffl**')*) 
[0 048] 3. IMfOfflBWrffi 

[ o o 4 9 ] i) mm LtzffimtzmBtwsi i . w 

[ 0 0 5 0 ] 2) &2<r)W%Z < gMzm XUzxmzi. 



[ o o 5 1 ] 3) ±s&>m&kmt*vk*)&iff». m 

[0052] Zcr>t # . «arf fc UTfglS^*^ 

z&^tz <o-tm«mmtf&tRX'* 

[0053] 

[0054] *»TOgfcfcv^ . fflRLfcJMfrttc, 

'BtiffHt. mmntm. MzwsLLtzmwtmzm 

[0055] te^LT«3« Wltg* A# <fft#Sli«r 

fci9XRt#uJbH^ti!Wiiit*¥«r**. -e^ 

[0056] ^cot # , JSt-tStt^fft LT*%BJ^) 

hvrchh. 

[oo57] m<gcoi&mi. r-isyftz&mtwf 
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<n*r- i,y ?mm m*wt ix t mmmmwmz® 

[0058] *nmmmi. mnmmmmtztd 

[0059] xftwnmmi. wm.<m*%h*tmz 
$mztitzi'-&uxffl i gTh'>xi>^\ muz 
iEmuzi><D?i>£\,\ it¥&mzi>®t>Mm% 

*\ Witf, C4ln$!^Cr-Mo|0c^3&ffil=r£$L 13Cr 
Xi>£\\ 

[0060] Mz^UzU). (b)fci^(c)Offl@(i:. 
[ 0 0 6 1 3 C : Cli. «wanSS««L, 

^s* j o.i»)Htii, 'jmtziim&m&fzMz 

(JilTSSCt iS-f ) «9SStt^:« < %2><vxm L< 

Wte3r*W).4Si:£jB*.*i:. MAitNffiO 
«BthJSStt!Wi*U *fcWH>**M-4. «ot, 
C-ft-qfir*t40. 1~0- 45%t *TS<?53&«jSF £ U*. £■ L 
^«H(i, 0.15-0. 

[ 0 0 6 2 ] Si : Site. Moffitlftte LT^MltJ J: 

. *«#*jbw>. i%*.mx'Uztit>comm*+Mz 

HSBltt*qiL<«flrt-*. ft-5T> Si*#*iio.i- 

i.5Xk^4w*»»4U\ JOiffautfEmi, 0.2—1 

[ 0 0 6 3 ] Mn : Mn(i. M<0%t?,il1iZmiXM t g<m 

&zm&-tz<Mzim%7cmx'h & . £*aw>. i%m 

«0.l~3Zi U*. X 0#4 U^WHtt, 

0.3~1.5%T'J>S. 

[ 0 0 6 4 3 P : Pti. fl+KTOtftoi: LT**il*7C* 
•CftO, *^«bW.OK£]H£Sia#fc:flWrL'C 



#4U\ ttmt'J?Wftti£'J'-%WZt'£<. i0» 
iUwaO-OlSOStFC** 

S:S(±, ffl+CTttttt LT*4*l47HR-C&4. Mn^ 

«. o.ooaiaTt**. 

[006 5 3 sol. Al : Alii, IBOjlMJi LTfif»ffl£il 
4 I) . sol . Al £#JbW) . OKfcjg* S i BSil?#> 

sol.Al<O**a{i0.05USlTi:'f 4<0#tf4 L 
v>. soi.AHi. gUm£64reti'OvS:<Tt,J:vvP. 
±teo^m £-HHc»* fcftCtt , fctfttto. OttJjLL 

[ 0 0 6 6 3 N : Nli. M^ZT-Wfat IX^tiXhTtm 

k\w\tcz<r>Tmtmmimm-h. mz, 
x\ ^miowmTtt&<7)tiW£U\ n-s-ws 
oomxFxbz,. 

[ 0 0 6 7 3 Ca : CatttfKKJ: -£4 7C*t\ R 

mmB*$zixm&ift±zi£z>cot l z&m'hh. 

**J:V\ i<^!»ft*-HJ-t#4t<40.001WJU:**W$ 

itiwzw -it. Oi^mm.oo5nmii>b. ft 

<O«H{±0.001M).005J!f:-r6<iO**J:v>. £*)M£ 
KHti. 0.002~0.004ZT'*5. 

[00683 ±M^mm.^th\mmza^x . 

Mt«)a*:il:*l»jI:L-COtt*««-f6fe«)fc:J4Ti*jJ: 
l^bc7)iaUUi#*$-tf-|.co*iJ;V\ feTF. #7E*£7)if 

[ 0 0 6 9 1 Cr. Mofc j;W<7)iatl±:C:iX^07C» 

[ 0 0 7 0 1 =3rfc, Cr(4. ±ie<7)^m»iT . ftjSft 
Xhh. mmz, Mo!i. PKb'CDftftMmtZkhWHti 

v«4, MML^-fbffifjtsrs^i.^ 

[ 0 0 7 1 3 Cr : 0.2—1.51. J: Lv^Hti0.3~ 
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1% 

Mo: 0.1-0.8%. J:9*?£U^Effl(i0.3-0.7% 
V : 0.005-0.2%. X U*BttO. 008-0.1%. 
[0072] Tifc XX/VbiZtlh^Mt. MS-Ztt 
StfSifcfcJO, TiN££tiNbC£ffMU JSAIfcttfi 

7C?S^) 3 t><0l84fc{42aSrTIEt*1-**Jltf5«H'C 
J: v\ *WJbW8iEJI&j8ti:, 
TiC*Jt{^C<o4JS»*Qa«lt:*oTJH<0«tt&^fcS 

[ 0 0 7 3 ] Ti : 0.005-0.05%. J: Off* U^EHttO. 
009-0.03% 

Nb : 0.005-0.1%. J: D#F£ U^KHJiO. 009-0. 07%. 
[0074] 

[HJtffl] [Hit«l]mK^4S<0fl^ffljSWM 

o-Cfl-@139.7mm. |SjjH0.5inm. ft$10mCO«a*IIBl : Sr 

API-L8WV-K (BR9ME : 570MPa)ffi3p n n 2: Lfc. 
[0 0 7 5] MA. «Bfc^tX«C<0««<J5SSOTir<»Dfll 

Hkkmiz IX 10% . 20%fc i V30%O38i: Lfc . 

[ o o 7 6 ] H4 (i^SDi^cor^^jacoBffflia-t' 



14. *IEtf>5S®"CTjW>j/!:. 04<oar^*fflvtfUf, TIB 

[0077] mm= [ (a?ftt^i*iadi-SMPfr^rt 

gdO) /dO] X100 

SJ^Uc. ffl£Lfcl*JJ?!&>&fflft*£#tf>fc. JMSflia: 

fc. we^oastt. muzx^xmmitcx 

O t, <f OS^|t]t500innih' •xf-TlOrJJrOfcBrfflfc: 

>etim22.5Jsraiioi6^BffT-iT07t. -eoag 

^04>T'fi^<7)«^*S-a2tC^t. SI2+OC1/C0 
tt. fi^^^Haiffa^ (CD itufe©*^ 
9fWT^Afc«^0*v^«HPcoEaBME (CO) <DjfC 

[00 78]a236»^BH^>*>*J:3t. 5«D. BP*>. E0 
=£30/ (1 +0. 018 a ) £ im I X V * & *#J»f«i . £T 
<Offi«*K*J^TE«5M|jW«< , a/C0^0.8W±T 

hr>tc. -u. (Dttffi&Lx^K^Mmmcomgzm 

<. Cl/ah6*0.8*8TC*-5fc. 
[0079] 









ft 


O ft 


¥ M J* 


<1»K* Fet*!« 


C 


Si 


tin 


P 


s 


sol. Al N 


Cr Mo V Ti Nb 


A 


0.24 


0.31 


1.35 


0.011 


0.003 


0.035 0.006 


— — — 0.010 — 


B 


0.25 


0.23 


0.44 


a oos 


0.001 


0.013 0.008 


1.01 0.7 0.01 0.011 - 


C 


0.1Z 


0.35 


I.Jff 


0.014 


0.001 


0.040 0.009 


- — 0.01 0.021 0.021 


D 


0.24 


0.35 


1.30 


0.011 


0.002 


0.033 0.006 


0.20 — 0.01 0.010 — 



[0080] 



[*2] 



i(8) 002-349177 (P2002-349177A) 



a 2 







JSST!J<D 






mm 








96 


ft 


% 




psi 








10 


5.4 


fi. 5 


9*1 J 


i Low 


0. 98 


vj 




10 


25.0 


29.0 


OC A 

£o. 1 


5£)UU 


0. 82 


U 




10 


30. 0 


34. 5 


ZD, <i 


CfiiVl 
OOW 


0. 76 


X 




20 


10.0 


14.0 




Ql CO 




vj 




20 


17.4 


24.5 


99 1 


OiuU 


0. 87 


U 




20 


2S0 


32.0 


22.1 


rroo 


0.77 


X 




SO 


0.8 
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